Fluorenes are very attractive as π-conjugated spacers in dye-sensitized solar cells (DSSCs) due to its higher molar extinction coefficients and more red-shifted spectra as compared to biphenyl moieties.
presented at the supporting information. The synthesis began with cross coupling of 2,7-diiodo-9,9-dialkyl-9H-fluorene with diphenylamine using a mixture of CuCl, t-BuOK, and 1,10-phenanthroline in dry toluene. The resulting intermediate were subjected to Suzuki coupling reaction with (5-formylthiophen-2-yl)boronic acid using Pd(PPh 3 ) 4 as catalyst and Li 2 CO 3 in 3:1 dioxane/water. The aldehydes were converted to the desired dyes, KS-F1 and KS-F2, by Knoevenagel condensation reaction with cyanoacetic acid in the presence of piperidine.
The molecular structures of KS-F1 and KS-F2 optimized at mPWPW91/6-31G(d) with a 50% Hartree-Fock Exchange in gas phase using Gaussian 09 software 3 are presented in Figure S1 (supporting information). This theoretical methodology was found to be very close with MP2 optimized geometries containing thiophene. 4 The calculated molar volume of the analogues, were 380 and 582 cm 3 /mol for KS-F1 and KS-F2, respectively.
The absorption spectra of the analogues in THF solution and in film are shown in Figure 1 . The introduction of the long alkyl chain does not have much effect on the shift of the absorption spectra in THF solvent, wherein KS-F2 has a λ max of 422 nm compared to 421 nm of KS-F1. This is consistent with the similar charge-transfer properties of the dyes as depicted by the HOMO-LUMO spatial orientation ( Figure S2 , supporting information). However, the molar extinction coefficient of KS-F2 (7.0 × 10
) is 3 times lower than KS-F1 (21.5 × 10
). In the absorp- tion spectra of the dyes in film, both dyes exhibits similar λ max at 455 nm but with KS-F2 having higher absorbance compared to KS-F1 which is a result of the higher amount of dye in film of KS-F2 than KS-F1 as shown in Table 1 . The higher photovoltaic performance (Table 1) of KS-F2 (η = 5.30%) compared to KS-F1 (η = 4.47%) is due to the higher amount of dye when absorbed in the TiO 2 surface producing a larger incident photon-to-current conversion efficiency (IPCE) or external quantum efficiency (EQE) with KS-F2 having an EQE of more than 80% ranging from 350 to 480 nm as shown in Figure 2 . The IPCE data is consistent with the absorption spectra in film and their corresponding J SC values shown in Figure 1 and Table 1 , respectively. When compared with N719 using the same electrolyte, KS-F1 and KS-F2 achieved 73 and 87% of its solar cell efficiency.
The choice of the sensitizing solvent also has a crucial effect on the efficiency of the dye due to some reasons such as it could produce different amounts of dye, it has different dye-solvent interactions, and it results in various binding modes to the semiconductor surface.
5 At this stage, THF was found to be the best solvent to give the highest photovoltaic performance as compared to pure or mixed solvents such as toluene, dimethylformamide, ethanol, acetonitrile, tert-butanol or combination thereof.
The larger amount of dye in KS-F2 was due to its packing state in solution, wherein the long alkyl chains resulted in a loosely packed dye in solution making it adsorbed easily at the TiO 2 surface as also observed in infrared organic dyes.
6
This is confirmed when we did an absorption analysis with increasing concentration of the dyes wherein it does not change the λ max of KS-F2, whereas KS-F1 undergoes blueshifting of its λ max as the concentration increases ( Figure S3,  supporting information) . The results suggest that KS-F2 exists as monomers in solution, while KS-F1 form H-type aggregates.
Another purpose of the long alkyl chain in KS-F2 is to minimize dye aggregation in film and at the same time block the redox-TiO 2 interactions. This was proven when 1 mM CDCA was added to the dyes, wherein KS-F2 with CDCA does not result in any significant changes in the photovoltaic performances, eventhough there is a decrease in the amount of dye. On the other hand, KS-F1 with CDCA produces lower efficiency.
In conclusion, these results demonstrate that the use of an octyl chain at the 9,9-position of the fluorenyl moiety can generate larger photocurrent by increasing the amount of dye at the semiconductor surface but with minimum dye aggregation. This information could help guide researchers in the proper design of an organic dye containing fluorenyl moeities. We are currently undertaking in our laboratory further assessment of more alkyl groups including branched alkyl chains to control effectively the packing of dyes at the TiO 2 surface. Furthermore, we are looking for more appropriate solvents to dissolve the dyes in order to attain highly efficient sensitizers for DSSCs. 
